Purpose: To investigate aqueous flare as a preoperative predictor for later proliferative vitreoretinopathy (PVR) development in patients with rhegmatogenous retinal detachment (RD) and to determine the validity of this measurement in patients at low clinical risk for postoperative PVR. Methods: This study included 100 eyes of 100 patients who underwent surgery for primary RD. Aqueous flare was determined preoperatively with a laser flarecell meter (Kowa FM-500, Kowa Company Ltd, Tokyo, Japan). Patients were followed for at least 6 months postoperatively. Failures related to PVR were recorded for statistical analysis. Results: Twenty eyes (20%) developed PVR postoperatively. Preoperative flare values in these eyes were significantly higher than in eyes with no redetachment (48.12 AE 61.24 versus 17.74 AE 29.63 photon counts per millisecond (pc/ms), p = 0.002). The odds ratio for PVR development with flare values >15 pc/ms was 12.3 (p < 0.0001, 95% confidence interval, 3.54-42.59). Of 54 eyes at low clinical risk for postoperative PVR, five developed PVR postoperatively. Flare values were significantly higher in these eyes (25.30 AE 7.10 pc/ms) than in eyes with no redetachment (12.44 AE 10.16 pc/ms, p = 0.008). Using logistic regression, the odds ratio of PVR redetachment risk increased by the factor 1.078 per 1 pc/ms of flare value (95% CI, 1.01-1.15). Conclusion: Preoperative aqueous flare is a strong predictive factor for PVR redetachment. The laser flare-cell meter provides a fast and safe tool to accurately identify patients at risk for postoperative PVR, especially when clinical examination did not predict this risk.
Introduction
Rhegmatogenous retinal detachment (RD) is a sight-threatening condition with an annual incidence of approximately 10 per 100 000 people (Mitry et al. 2010) . Despite tremendous advances in vitreoretinal surgery and management of RD over the last few decades, proliferative vitreoretinopathy (PVR) is still the most common cause of failure after RD repair, occurring in 5-10% of cases (Charteris 1995; Pastor 1998) . The process of PVR is complex and has many similarities to a woundhealing response characterized by a breakdown of the blood-retinal barrier with an influx of proteins into the vitreous and the anterior chamber leading to cellular proliferation, migration and extracellular matrix production that contribute to the formation of epiretinal and subretinal membranes (Charteris 1995; Pastor 1998; Pastor et al. 2002) .
Currently, the most widely used means for identifying patients at risk of postoperative PVR remains fundus examination looking for clinical risk factors such as pre-existing uveitis, poor visual acuity, aphakia, vitreous haemorrhage, PVR at presentation, large and multiple retinal breaks, choroidal detachment, long RD duration and extensive RD (Bonnet 1994; Girard et al. 1994; Pastor 1998; Kon et al. 2000; Pastor et al. 2002; Tseng et al. 2004; Wickham et al. 2011 ). However, this screening method is subjective and cannot be properly quantified.
In addition, many studies have investigated other means to predict the risk of relapse by PVR. Thus, elevated levels of interleukin (IL)-6, IL-8, monocyte chemo-attractant protein (MCP)-1 and transforming growth factor (TGF)-b1 in aqueous humour as well as high protein, soluble intercellular adhesion molecule (ICAM)-1 or matrix metalloproteinase levels in the vitreous may be additional factors for detecting patients at risk (Kon et al. 1998; Limb & Chignell 1999; Hoerster et al. 2013) . Nevertheless, these measurements require samples and laboratory analysis and are therefore difficult to apply in clinical practice.
In contrast, quantification of aqueous flare in the anterior chamber with a laser flare-cell meter provides a fast and safe means to measure aqueous protein concentration and to assess the breakdown of the blood-retinal barrier in RD (Kuchle et al. 1993 (Kuchle et al. , 1994 (Kuchle et al. , 1995 Amann & Nguyen 1997) . Recently, Schroder et al. (2012) found that this breakdown, as determined by aqueous flare, serves as a strong preoperative predictor for PVR redetachment with a 16-fold increased risk in eyes with a flare value exceeding 15 photon counts per millisecond.
In this study, we aimed to confirm that preoperative aqueous flare was a predictive factor for later PVR development in patients with primary rhegmatogenous RD and to evaluate the validity of this measurement in patients at low risk for postoperative PVR.
Patients and Methods
One hundred and forty-five consecutive patients operated on for primary rhegmatogenous retinal detachment (RD) between February and May 2013 by two experienced surgeons at Nancy University Hospital were enrolled in this study. All patients had complete information about the risks and benefits of the surgical procedure and gave their written consent before surgery. Retrospective review of patients' records was approved by the Ethics Committee of the French Society of Ophthalmology. The study adhered to the tenets of the Declaration of Helsinki.
Exclusion criteria included a history of vitreoretinal surgery, traumatic RD, proliferative diabetic retinopathy, diabetic macular oedema, neovascular age-related macular degeneration and retinal vein occlusion. Patients were also excluded from the study if they had active uveitis or pseudoexfoliation syndrome that might influence aqueous flare values (Kuchle et al. 1994) .
All patients underwent a detailed ophthalmologic examination including best-corrected visual acuity (BCVA) measured with projected-light Snellen charts, axial length measurement using IoLMaster (Carl Zeiss), biomicroscopy with anterior segment evaluation and careful fundus and peripheral retina examination.
An Amsler-Dubois scheme was systematically established for each patient, specifying the extent of the RD, number, type and location of retinal breaks, existence of vitreous haemorrhage, macular involvement and preoperative PVR grading according to Machemer et al. (1991) . Aqueous flare was measured with the Kowa FM-500 Laser Flare-Cell Meter (version 1.0; Kowa Company Ltd, Tokyo, Japan) 30 min after the instillation of 0.5% tropicamide and 5% phenylephrine hydrochloride. Ten measurements were taken and averaged from each affected eye and the contralateral normal eye. Measurements with artefacts were excluded. Flare values were expressed as photon counts per millisecond (pc/ms).
All patients underwent either scleral buckling or three-port pars plana vitrectomy with gas or silicon oil tamponade according to the surgeon's preferences based on clinical criteria, including location, size and number of retinal breaks, extent of RD, existence of preoperative PVR or vitreous haemorrhage. After surgery, complete retinal attachment was achieved in all cases.
Patients were systematically examined the day after surgery and then at 1 and at least 6 months postoperatively.
Baseline characteristics
Pre-and intraoperative data included patient age and sex, the eye affected, axial length, BCVA, lens status, extent of RD, macular involvement, existence of vitreous haemorrhage, size and type of retinal breaks, preoperative PVR grades, aqueous flare values and type of surgery. We also collected the primary retinal reattachment rate and causes of failure. Only failures related to grade B or C PVR development were recorded for statistical analysis.
Outcomes
The primary end-point was preoperative aqueous flare values in eyes with later PVR redetachment. A threshold value of 15 pc/ms was considered for statistical analysis according to Schroder et al.'s findings (2012) . We also investigated the possible clinical risk factors for postoperative PVR and factors related to changes in aqueous flare intensity. We finally analysed the validity of aqueous flare measurement to predict later PVR in patients at low risk for PVR redetachment (i.e. without grade B or C PVR and vitreous haemorrhage at presentation), as defined by Asaria et al. (2001) .
Statistical analysis
Statistical analysis was performed using MINITAB 16 software Ò (State College, PA, USA). Continuous variables were expressed as mean AE standard deviation, and categorical variables were expressed as numbers and percentages. The Wilcoxon signed-rank test was used to compare preoperative flare values between the eyes with RD and the contralateral normal eyes. Univariate analysis was carried out to identify possible risk factors for postoperative PVR. Differences in continuous values and categorical variables were assessed for statistical significance using the Mann-Whitney U-or t-test and the Fisher's exact or chi-square test, respectively. The relationship between preoperative flare values and clinical data was analysed using the Pearson correlation test and one-way analysis of variance (ANOVA) when appropriate. Finally, logistic regression was applied to study the relationship between preoperative flare values and PVR redetachment. The threshold for statistical significance was set at p < 0.05.
Results
One hundred eyes of 100 patients were eligible for this study. Forty-five eyes of 45 patients were excluded because they had previous vitreoretinal surgery for RD repair, proliferative diabetic retinopathy, exudative age-related macular degeneration or pseudoexfoliation syndrome.
Baseline characteristics
The patients' baseline characteristics are given in Table 1 . Of the 100 patients, 55 (55%) were male and 45 (45%) were female, with a mean age of 59.49 AE 12.93 years. The mean preoperative BCVA was 0.57 AE 0.48 log-MAR. Fifty-three eyes (53%) were phakic and 47 (47%) pseudophakic, and none of the eyes was aphakic.
The mean extent of RD was 1.99 AE 0.83 quadrants with a macular involvement in 55% of cases. No PVR was seen prior to surgery in 48 eyes (48%), whereas 14 eyes (14%) presented with grade A PVR, 18 (18%) with grade B PVR and 20 (20%) with grade C PVR.
Preoperative flare values were significantly higher in eyes with RD (25.83 AE 42.98 pc/ms) than in the contralateral normal eyes (6.42 AE 3.85 pc/ ms, p < 0.0001, Wilcoxon signed-rank test). The primary anatomic success rate was 76% (76/100 eyes). Twenty (20%) eyes developed grade B or C PVR redetachment with a mean time of 36.6 AE 20.8 days.
Outcomes

Flare and PVR redetachment
Preoperative flare values were significantly higher in eyes with later PVR (48.12 AE 61.24pc/ms) than in eyes with no redetachment (17.74 AE 29.63 pc/ ms, p = 0.002, 95% confidence interval (CI), 11.33-49.44, Mann-Whitney Utest). Seventeen of 20 (85%) eyes with later PVR had a flare value >15 pc/ms, whereas 17 of 41 (41%) eyes with a flare value >15 pc/ms developed PVR postoperatively. Consequently, the laser flare-cell meter had 85% sensitivity, 68% specificity and a 41% positive predictive value in predicting later PVR with a cut-off value at 15 pc/ms. The odds ratio for PVR redetachment with flare values >15 pc/ms was 12.3 (p < 0.0001, 95% CI, 3.54-42.59). The odds ratios were calculated for increasing flare values. For flare values >18 pc/ms, the risk of postoperative PVR was increased 14-fold (p < 0.0001, 95% CI, 4.1-47.1).
Clinical data and PVR redetachment
The possible risk factors for postoperative PVR, as determined by univariate analysis, are shown in 
Patients at low clinical risk for postoperative PVR
We identified from this cohort 54 (54%) eyes without grade B or C PVR or vitreous haemorrhage at presentation. In this subgroup, univariate analysis only identified preoperative aqueous flare (>15 pc/ms) as a risk factor for postoperative PVR (p = 0.001, Fisher's exact test). Preoperative flare values were 13.63 AE 10.56 pc/ms in this subgroup (n = 54), compared with 25.83 AE 42.98 pc/ms in the overall cohort (p = 0.042, Mann-Whitney U-test); this difference was significant. Five of 54 (9%) eyes developed PVR postoperatively. Flare values were significantly higher in these eyes (25.30 AE 7.10 pc/ms) than in eyes with no redetachment (12.44 AE 10.16 pc/ms, p = 0.008, Mann-Whitney U-test). Four of five (80%) eyes with later PVR had a flare value >18 pc/ms. Ofthe ten eyes with a flare value >18 pc/ms, four (40%) developed PVR postoperatively. With a cut-off value at 18 pc/ms, the laser flarecell meter had 80% sensitivity, 88% specificity and a 40% positive predictive value in predicting PVR. The odds ratio for PVR redetachment with flare values >18 pc/ms was 28.7 (p = 0.003, 95% CI, 2.7-301.2). The odds ratios were calculated for increasing flare values. The odds 
20 ( ratio of PVR development risk increased by the factor 1.078 per 1 pc/ms of flare value (95% CI, 1.01-1.15). Figure 1 shows the probability of PVR redetachment predicted by the logistic regression model. For a flare value of 15 pc/ms, 50 pc/ms and 70 pc/ms, the PVR redetachment risk was 11%, 50% and 76%, respectively. The area under the receiver operating characteristic curve was 0.914 (Fig. 2) .
Discussion
Proliferative vitreoretinopathy (PVR) remains the main obstacle to successful RD repair, accounting for up to 75% of all primary surgical failures (Pastor 1998) . Several attempts have been made to identify patients at risk of postoperative PVR based mainly on clinical characteristics. Some algorithms have been developed to estimate this risk but none of them was reliable enough for routine clinical use (Kon et al. 2000; Asaria et al. 2001; SalaPuigdollers et al. 2013) . In this study, we found that preoperative aqueous flare was a strong predictive factor for later PVR development in patients with rhegmatogenous RD, confirming Schroder et al. 's findings (2012) . When considering a cut-off value at 15 pc/ms, the laser flare-cell meter had 85% sensitivity, 68% specificity and a 41% positive predictive value in predicting later PVR. In their study investigating various cytokines in aqueous humour in relation to aqueous flare and postoperative PVR, Hoerster et al. (2013) demonstrated the same test validity with 80% sensitivity, 79% specificity and a 40% positive predictive value. For a flare value >15 pc/ms, the risk of PVR redetachment was increased by approximately 12-fold in this cohort while Schroder et al. (2012) and Hoerster et al. (2013) found a 16-and 30-fold increased risk, respectively.
Many studies have identified clinical risk factors for PVR including preexisting uveitis, poor visual acuity, aphakia, vitreous haemorrhage, PVR at presentation, large and multiple retinal breaks, choroidal detachment, long RD duration and extensive RD (Bonnet 1994; Girard et al. 1994; Pastor 1998; Kon et al. 2000; Pastor et al. 2002; Tseng et al. 2004; Wickham et al. 2011) . In this cohort, we found that poor visual acuity, vitreous haemorrhage and preoperative PVR were significantly associated with PVR development. However, as aqueous flare was correlated with several clinical factors, we only considered a few factors in a univariate approach, whereas other studies often used multivariate analysis. Furthermore, the results of these studies are often contradictory, and this discrepancy is partly due to the difficulty in clearly distinguishing between preoperative and postoperative PVR and to the use of quantitative methods of statistical analysis, as Girard et al. suggested (1994) .
Although extent of RD was not identified as a significant risk factor for PVR, in contrast to many other studies, we observed a relationship between flare values and extent of RD. Flare values were found to increase with larger RD, consistent with previous studies' findings (Oshika1990; Hoshi et al. 2012; Schroder et al. 2012 ). This may be the consequence of the amount of blood-retinal barrier disruption. Indeed, large RD cause greater breakdown of this barrier, which is correlated with and determined by aqueous flare (Ando et al. 1994; Amann & Nguyen 1997) . Flare values were therefore significantly higher in eyes with RD compared with the contralateral normal eyes.
We also demonstrated that flare values were associated with the presence of vitreous haemorrhage and preoperative PVR, two generally recognized risk factors for later PVR (Bonnet 1994; Girard et al. 1994; Pastor 1998; Kon et al. 2000; Pastor et al. 2002; Tseng et al. 2004; Wickham et al. 2011 ). Proliferative vitreoretinopathy is thought to be the result of an interaction between retinal pigment epithelial (RPE) cells and serum components entering the vitreous cavity after the breakdown of the blood-retinal barrier (Pastor et al. 2002; Tseng et al. 2004 ). Serum components are indeed important factors for RPE cell migration, differentiation and proliferation, consequently leading to epiretinal and subretinal membrane formation (Pastor et al. 2002; Tseng et al. 2004) . Moreover, in their prospective study, Kon et al. (2000) found that a high vitreous protein level was a significant independent risk factor for PVR development. Elevated vitreous serum concentration in eyes with initial PVR or vitreous haemorrhage may therefore explain this relationship as aqueous flare values reflect aqueous protein concentration (Kuchle et al. 1993 (Kuchle et al. , 1994 (Kuchle et al. , 1995 .
Finally, we observed that flare values increased with lower visual acuity, which has also been identified as a risk factor for PVR (Tseng et al. 2004; Wickham et al. 2011) . Other factors such as advanced age, macular-off RD and pseudophakia were identified as clinical factors responsible for increases in the aqueous flare values in eyes with RD (Oshika1990; Hoshi et al. 2012; Schroder et al. 2012) . However, some of these findings are contradictory. In our study, none of these factors was significantly correlated with flare values.
One of the study's major findings is that the laser flare-cell meter can predict the risk of PVR development in eyes at low clinical risk for postoperative PVR. Preoperative aqueous flare was indeed the only predictive factor identified in this subgroup. As expected, flare values were significantly lower than in the overall cohort (p = 0.042, Mann-Whitney U-test). Nonetheless, eyes with later PVR redetachment had higher flare values than eyes with no redetachment (p = 0.008, Mann-Whitney U-test). When considering a cut-off value of 18 pc/ms, the laser flare-cell meter had 80% sensitivity, 88% specificity and a 40% positive predictive value in predicting postoperative PVR. Consequently, aqueous flare measurement appears to be adequate to predict the risk of developing PVR without considering other factors.
In summary, this study confirms that preoperative aqueous flare is a major predictive factor for PVR redetachment. The laser flare-cell meter provides a safe and fast tool to accurately identify patients at risk for postoperative PVR, especially when clinical examination has not predicted this risk. It can potentially allow surgeons to tailor their management to the individual patient and can be used in future research focusing on PVR prevention. 
